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IN'IRODUCTION 
At the Balcarce Experiment Station, Province of Buenos Aires, 
Argentine Republic, a team of both Argentine and foreign research 
workers are studying the factors causing a disease called "enteque 
seco". The installation of laboratories for Animal Biology, Plant 
Biology, Soils, Pathology and Fertility, as well as the provision of 
facilities for experiments with large anima1s • came up as a result 
of an agreement between INTA (National Institute for Agricultural 
Technology) and FAO (Food and Agricultural Organization of the United 
Nations). 
The above mentioned disease chiefly affects the female bovine 
either at the heifer stage or when four to five years of ageo The 
occurrence of the disease in those herds grazing on low, saline, poorly 
drained lands, indicates a relationship with the n~tritive contents 
of the pasture. As a result studies have been directed towards a 
complete survey of the natural grasses, the soils on which they grow 
and the chemical and pathological condition of the animals. ·As the 
condition does not appear to be caused by viruses of paratuber~ulosis 
or Johne 1s disease, efforts are focused on the mineral picture of the 
problem •. The main research effort is now directed to study the mineral 
contents of grasses, carrying on feeding trials with mineral supple= 
ments when a particular deficiency is suspected. 
1 
The purpose of this study was to determine the effect 






The earliest reference to the existence of entequ.e sec© wa.s 19'13, 
when Lignieres (1913) described lesions in the arteries, heart 
lungs of sheep .. Affected animals were also fou.nd in Matto 
(Brazil) by Pardi and Dos Santos ('1947)$ These researchers co:nnected 
the causes to problems of the soil.. Tibirica. ( 1927), Vasconcelos ( '1916) 
and Pires (1942) also described similar lesions .. 
In Jaraaica, a disease was described by Arnold and Brass (1956)@ 
They called it "Manchester Wasting Disease" and presents similari ti.es 
with 16 enteque seco 11 e A similar disease occurring in Hasa.ii, called 
11nahalehy11 , was related to grazing problems in certain areas of the 
islands by Henderson (1942)c 
According to the description of 11 enteque seco 1' given by Carrillo 
and Ga.ggino (1961), the typical symptoms are: arching of back, 
extreme emaciation, no diarrhea a:.nd the animal presents st:lffness of 
the anterior legs, walking cm the tips ,,f the hooves~ Furthr,H'T!l.©:r'®~ 
dyspnea is noted as well as an increase of the cardiac beats and, when 
the animal is excitedt it falls down on the ground with difficulty in 
recoverye There are some reproductive troubles, but cows have been 
observed contacting the disease after breeding but calving normallyo 
The calf was also normal., The anatomopa.thologica.l sympt~ms can be des= 




As similar lesions have been describad as occurring ~n ratB, 
guinea pigs, rabbits and calves, in this work we have tried tor~= 
produce macro and microscopic lesions in the soft tissues of the young 
:rat, through an imbalance of calcium, magnesium and phosphorus Cl{)l'l= 
tained in the dieto 
Role of Calcium, Magnesium and Phosphorus in Animal Nutrition 
Calcium 
Thi~ element is mainly located in the skeletal tissues, but it 
also appears throughout all the tissues in functions of control of 
nerve and muscle action, blood clotting and cell permeabilitya Choline 
acetylase catalyzes the formation of acetylcholine from choline, re= 
action in which ca++ is involvedo On the standpoint of muscular ac= 
tivity, two enzymes are involved in the following reaction which makes 
the energy of ATP available: 
---·-·--), ADP+ HOPo3= + energy 
One of these enzymes is activated by Ca and the other inhibitedo In 
clotting of blood the conversion of fibrinogen to fibrin is catalyzed 
by th:rombin, which in turn has been formed with Ca present as activatori 
Prothrombin ) thrombin 
thromboplastin 
The property exhibited by Ca in forming complexes with many ions and 
the association of this element with cellular membranes act as a control 
of the diffussion of soluble electrolytes through those membranesv 
(Mallette, Althouse and Clagett, 1960)0 
As the blood level of this elem,ant is so import1'3.nt 
mentioned functions~ there is a control system exe:rtt3d the para thy= 
roid gland, whose actio:n is suggested to take place at the ,of 
kidney membranes, reducing or increasing calcium exc:retio:n. When not 
enough calcium is supplied by the diet, this element is mobilizf.Hi f:rmn 
the reserves stored in the bone trabecul.ae. 
Magnesium 
There is a close relationshlp between this element and! 
and calcium& The main contents of magnesium in the body in 
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and skeleton, but it also plays an important role in enzyrne activatimn. 
The enzymatic actions most affected by the presence of this element a:re 
those of gluconolactonase, t:ransketolase, all the kinases and some of 
the phosphatases (Mallette, Althouse and Clagett,, i960)o The effectf; 
of its deficiency (hypomagnesemia) and tetany are widely spread all 
over the world and there is a voluminous amount of information about 
this disorder which has been compiled by Rook and Storry (1962). 
For farm animals in general, requirements of magnesh11.1n are :in 
order of 0.06 percent of the dry ration. Due to the an:tagonistic ef= 
fec:ts of both phosphorus and calcium on the availab:llity 
the levels of those elements have to be kept at normal am©1Ltm.ts in order 
to prevent the precipitation of a magnesium deficiency (Maynard and. 
Loosli, 1962)0 
Phosphorus 
As in the case of both calcium and magnesium 9 phosphorus is widely 
distributed throughout the animal body, namely soft tissues, organic 
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fluids and bones. But its highest a.mount is found in the latter, where 
its concentration is about 70 to 80 percent of the total phosphorus 
in the body. Its importance is also evident by the formation of ATP, 
glucose-1-phosphate, phosphoproteins, nuclei acids and others. Its en= 
zymatic action is present in pepsino The requirement of cattle for 
phosphorus is fixed between 3 and 20 g./day, depending on size, with 
special increments during lactation (Mallette, Althouse and Clagett, 
1960). These requirements are not always met by the hays or fresh grasses 
from which the animal feeds; so supplementation is recommended to pre= 
vent the consequences of its deficiency. Rickets is among the most 
serious of these deficiencies, and is closely related to an adequate 
supply of calcium and vitamin D, showing once more the mineral and vita= 
min inter~ctions (Maynard and Loosli, 1962). 
Orent ~ !l• (1934) observed that animals fed magnesium deficient 
diets showed a retention of calcium in bones. Duncan et alo (1935) 
reported that calves with low plasma magnesium presented tetany which 
could not be differentiated from that of calves with low calcium in 
blood plasmao Tufts and Greenberg (1936) found that magnesium levels 
in soft tissues were not altered by a magnesium deficient dieto In 
similar diets calcium was shown to increase an average of 300 percent, 
mainly in the kidneys. This fact could indicate that the metastasic 
calcifica.tion is part of a degenerative process of the kidneys, induced 
by magnesium deprivation. Colby and Frye (1951) reported that the fol= 
lowing findings were related with the dietary levels of protein, cal-
cium and magnesium: a very high level of protein aggravates the de-
ficiency of magnesium; the same effect .was observed when animals were 
fed a normal protein diet containing high levels of calcium; however, 
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high calcium and high protein together did not aggravate the process 
as much as each of them individuallye Vitale et al. (1957) showed that 
arterosclerosis-producing diets increased the magnesium requirement of 
the rat: the induced arterosclerosis was reduced or retarded by admin~ 
istration of magnesium through the diet. This was.confirmed by Hellerstein 
et al. (19.57). 
Phosphorus deficiency symptoms include depraved appetite ("pica"), 
emaciation, reproductive troubles and others. Wise et ale (1963) studied 
a wide range of calcium to phosphorus ratios in calves and found that a 
normal performance was obtained with ratios as high as 7: 1 o Decreased 
performance was obtained with ratios below 1:1 and above 7:1o They also 
found that serum magnesium levels decreased with high phosphorus to low 
calcium ratios. 
The relationship of magnesium to nitrogen in the diet of Merino 
sheep was studied by Stillings et !!_. ( 1964). They reported that high 
nitrogen-containing forages depressed magnesium utilization 11 to 16 
percent; however, high nitrogen favored calcium retention and vitamin 
D increased availability of both calcium and magnesium in low nitrogen= 
containing forages. Greater availability and retention of phosphorus 
was found in animals fed high nitrogen. 
Forbes (1963) studied the effects of varying the ratlos of calcium. 
to magnesium to phosphorus and found that high levels of calcium. pre-
cipitated a magnesium. deficiency only when the phosphorus supply was 
inadequate. The ratio calcium to magnesium gain in the severely defi= 
cient animals was 160:1, as opposed to 40:1 in animals fed the normal 
diet. Urine analysis did not reveal a predisposition to a deposition 
of calcium in kidney tissue when the diet was low in magnesium along 
with added calcium or phosphoruso Forbes (1964) also studied the re= 
storation of normal tissue levels of magnesium and calcium following 
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a magnesium deficiency and found that after three weeks of adequate 
magnesium diet, the rats continued to retain the major portion of ~he 
calcium which was deposited in their kidneys during the deficiency. 
Decalcification was enhanced, however, by producing renal tubular aci= 
dosis by the use of ammonium chlorideo He suggested that restoration 
could proceed independently of removal of calcium deposits, but this 
was not demonstrated. Restoration in bones could proceed as rapidly 
as depletiono 
Mineral nutrition is concerned with the interrelationships existing 
among the various mineral elements and these are incompletely summarized 
in Mulder's Chart as presented by Schutte (1964)0 Forbes (1964) studied 
the effects of calcium, phosphorus, lactose and sources of protein in 
diets both deficient and adequate in zinc, and found that soybean protein 
stimulated feed intake and weight gain of rats fed low levels of zinc. 
Depression in zinc absorption accompanying the presence of both calcium 
and soybean protein was greater than in the presence of either variable 
aloneo The effect of calcium level was to depress zinc absorption but 
phytic acid probably is involved in this phenomenono The inclusion 
of soybean protein inhibited the percentage utilization of calcium, 
magnesium, pbQsph9rus, zi~c and iron as compared to that exhibited by 
rats receiving egg white proteino Inclusion of lactose improved absorp= 
tion and balance of calcium, and the absorption but not the balance of 
magnesium, and was without a consistent effect on zinc absorption. 
Luecker and Lofgreen (1961) worked with sheep and used the isotope 
dilution technique to measure the effects of calcium to phosphorus ratios 
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on absorption in animals fed calcium:phosphorus ratios 0~8:1; 2.8:1 
and 6.0:1. They found that the excretion of metabolic fecal calcium 
remained constant. Metabolic fecal phosphorus increa·sed with increasing 
phosphorus absorption and decreased with increasing calcium absorptiono 
EXPERIMENT 
As calcifications in soft tissues are among the most remarkable 
characteristic of the 1 enteque seco' disease under study in Argentina, 
it was decided to qetermine if a mineral imbalance would produce these 
lesions in rats. The design of the experiment was similar to that of 
Forbes (1963) except that different levels of magnesium and different 
protein sources were employed j.n the present experimento 
Experimental Procedure 
Forty male albino rats with an initial average weight of 48.6 gmc 
were fed a commercial rat pelletted food for one weeko Five rats were 
then assigned at random to each treatment in the 2 x 2 x 2 factorial 
arrangement of treatments shown in Table I, and fed the experimental 
rations for 28 daysa 
1 
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A meta.lie frame with four rows of s:lx cages on both fronts was 
utilized to house the experimental animals, each cage measuring 20 x 
18 x 25 cma All c~ges were provided with a metallic screen for the 
collections of feces and a funnel-shaped stainless steel attach:m.ent 
for drainage of urine into a beaker for each rat., During adjustment 
trials it was observed that the metallic screen allowed the mixture 
of feces with urineo An attempt was made to remedy this situation 
by covering the screen with a piece of plastic screen having 30 square 
holes per cm2. Eight diets~ the composition of which are shown in 
Table II, were prepared, one for each treatmento The diet for each 
rat was placed in tightly capped containers and kept under refrigeration 
during the length of the experiment. The rats were fed ad=libitum, 
with the feeders refilled as necessaryo Glass bottles with attached 
suckling tubes were used to supply glass-redistilled water. Collection 
of urine and feces was made during the 28-day feeding periodo Weights 
were recorded at 0, 14 and 28 days, using a tared cage and taking the 
readings to one-tenth gram. At the termination of the trial a11 the 
rats were sacrificed by decapitation; blood samples were collected in 
tubes with 0.1 mlo of Oo6 percent heparin and kept under refrigeration 
until analyzedo Hemoglobin and hematocrit were determined immediately 
after sacrifice. The carcasses were prepared for microscopic examination 
of tissues .. 
An autopsy was performed on all animals; samples of kidney, lungsp 
heart and liver were taken for hispathological examination and fixed 
in 10 percent formol and sodium acetate. Hematoxilin-eosin and Van 
Kossa's reagent, which is specific for calcium, were used to stain 


















































1Levels of calcium, magnesium and phos-
phorus were supplied in accordance with 
Table I, by calcium carbonate, magnesium 
carbonate and monosodium phosphate. These 
levels were confirmed by subsequent analysis 
of the diets. 
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The analytical procedures were as follows: 
a) Blood samples. After precipitation of the protein by 10 percent 
trichloroacetic acid, separation of plasma was accomplished by centri= 
fugation. The supernatant was diluted and aliquots taken for calcium 
and magnesium determinations by atomic spectrophotometry (Perkin-Elmer, 
1964) and for phosphorus by the Fiske-SubaRow method (1925). Using 
direct methods for the determination of red blood cells, hemoglobin 
and packed cells, the other values presented below have been obtained 
from them, utilizing the formulas presented by Wintrobe (1961) as follows: 
Mean corpuscular hemoglobin, µµgm.= hemoglobin, gpi~/1000 ml. 
. RBC, millions/mm3 
Volume Index= hem.atocrit, ml./100 mlo x 2.3 
RBC x 106/mm3 x 20 
Mean corpuscular. volume= volume packed red cells/1000 mlo 
RBC, million/:mrn3 
b) Feces. After drying this material at 600 C. for four days, 
it was ground in a No. 3 Wiley Mill with a 1 mm. mesh. Preceded by a 
complete homogenation an aliquot of about 1 gm. was taken for mineral 
Qnalysis. This a.mount was ashed at 5500 C. during four hours, then 
dissolved in 6 N HCl and made up to a volume of 25 ml. with distilled 
water. With proper aliquots of this solution analyses were run as for 
blood. 
c) Urine. All collections were dried on steam-heated plates, then 
dissolved with 6 N HCl and made up to a volume of 10 ml. Mineral analyses 
were run as for the feces. 
Data were subjected to analysis of variance (Steel and Torrie, 
1960). 
RESULTS AND DISCUSSION 
Table III shows the effects of treatments upon gain, feed ctn1slnnp= 
tion and feed efficiency and there were no differences (P > .05)~ In 
a similar experiment involving two levels of calcium (0@4 and 0.8 per= 
cent), magnesium (142 and 420 ppm) and phosphorus (0.19 and 0@50 per= 
cent) Forbes (1963) found that a combination of high calcium and low 
phosphorus caused lower feed intakes and gains. No explanation is of-
fered for this apparent discrepancy in results. There were certain 
differences in experime~tal techniques that could bear upon the sub-
ject. Forbes used casein as a protein source while isolated soybean 
protein was used in the present experimento The calcium and phosphorus 
levels of the present experiment were the same as used by Forbes; how= 
ever, lower magnesium levels (71 and 142 ppm) were used. Isolated soy-
bean protein contains a high level of phytic acid (O'Dell and Savage, 
1960) and added levels of calcium reduces the availability of phosphorus 
(Waldroup et al., 1965) and zinc (O'Dell et al., 1964); however, these 
factors should tend to accentuate the effects of the high calcium levels 
when isolated soybean protein is fed. Perhaps there are other differ-
ences between the basal rations which offer an explanation. 
Mineral balance data for calcium, magnesium and phosphorus are 
shown in Table IV, V and VI, respectively. As feed consumption was 
not affected by treatments (P) .05), the intake of each mineral in 
general varies with the level in the diet. Level of dietary calcium 
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TABLE III 
EFFECTS OF TWO LEVELS EACH OF CALCIUM, MAGNFSIUM AND PHOSPHORUS ON THE 
WEIGH.T GAIN, FEED CONSUMPTION AND FEED EFFICIENCY OF RATS 
Diets 
1 2 3 4 .5 6 7 
Item +++a ++- +-+ +-- -++ -+- --+ 
Avg. initial wt. , g111. .52. 1 59 .. 8 57.8 43.3 48.2 49.3 48.9 
Weight gain, gm. 42 • .5 50.8 38.8 44.4 46.3 43.8 41.9 
Feed cons. , gm. · 251. 5 251.0 227.4 227.1 241 .. 7 248. 6 224.4 
Feed efficiency, 
.. gm. intake/gm. gain 6.0 5.0 6.2 6.8 5.3 .5 .. 8 4.6 





acalcium, magnesium and phosphorus, respectively. 
a.nd the minus (-) to the lower level of each element. 
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EFFEX:TS OF LEVELS OF CALCIUM, MAGNESIUM AND PHOSPHORUS UPON 
. EXCRETION AND RETENTION OF CALCIUM 
Diets r--~- 2 3 4 5 6 7 
+++El ++- +-+ +-- -++ -+- --+ 
2.012 2.008 1.819 1.817 0.967 0.99.5 0.898 
0.611 Oo.538 o.461 0.832 0 • .517 0.391 0.334 
30.37 26.79 25.34 45.79 53.46 39.30 :37.19 
0.035 0.099 o.041 0.097 0.047 0 .. 058 0.035 
1.74 4.93 2.25 5.34 4.86 5.83 3.90 
0.682 o. 73.5 10 317 0.888 o.403 0.566 0.520 
34.10 36.40 74.45 .50.26 41.41 .56. 71 66.79 
69.32 65.03 76.74 55.49 46uJ8 60.40 .52.42 
8 Standard --- Error 
0.963 0.120 
0.721 0.137 
74.87 11 .. _70 





acalcium, magnesium and phosphorus, respectively. 
and the minus (-) to the lower level of each element. 
The plus(+) sign refers to the higher level 
..... 
°' 
TABLE IV (Continued) 
bintake: High calcium (1.914))low calcium 
(0.956)(**). Main effects which were different 
(P ( .05) are shown in parentheseso 
cFeces, gm: magnesium x phosphorus inter= 
action(*). 
High Mg Low Mg 
High P 00564 0~397 
-•-
Low P 0~464 ~ 0.776 
dFeces, % intake: Low calcium (43@71)>high 
calcium (32e07)(*)e 
eurine, gm: Calcium x phosphorus interaction 
(**)~ 





0~098 :! . 
furine, % intake: 
0 .. 041 
00053 
1. Low calcium (4.89)) high calcium (3.57)(*)., 
2~ Low phosphorus (5~27) > high phosphorus (3~ 14)(*)o 
gCa.lcium ba.lanc e, .. gm: 
1& High calcium (9.055) )low calcium (4~208)(*)® 
2~ Calcium x magnesium interaction(**). 
High Ca Low Ca 
0@709 o.442 
"'"' 
3a Magnesium x phosphorus interaction(*). 
High P 
Low P 
High Mg Low Mg 
0 • .543 ~ 00919 k 
o. 651 0.541 
hcalcium balance,% intake: 
1~ Calcium x magnesium interaction (*)w 
High Mg 
Low Mg 
High Ca Low Ca 
35@25 49~05 
~"-
62® 35 -~ 43.30 
28 Magnesium x phosphorus interaction(**)@ 
High P Low P 
High Mg J?e75 46 .. 55 
•r•r 
Low Mg ?0@60 ~ 35~05 
ica.lcium balance,% absorbed: 
1@ High calcium (66e64))low calcium (45a93H**)e 
2. Magnesium x phosphorus interaction{*). 
High P 
Low P 
High Mg Low Mg 
57Q85 64.,58 
62. 71 ,t 40~01 
High Mg 




did not affect (P)> .05) the amount of calcium· excreted in the feces; 
however, animals receiving the lower level excreted a greater (P< .. 05) 
percentage of their dietary calcium in the feces, reflecting, in part, 
differences in intake. The amount of calcium in the feces was affected 
by a magnesium x phosphorus interaction (P(.05): when the phosphorus 
level was reduced in the low-magnesium rations, fecal calcium loss in-
creased (P <. 05), while the reduction of t~e magnesium level in the 
low-phosphoru~ rations resulted in increased (P<.05) fecal calciUmo 
This iritera~tiop was not significant when the fecal calcium was expressed 
as a percentage of intake. 
J?ietary calcium level affected the amount and percentage of intake 
found in the urine; the higher level increased (P< .01) urinary calcium 
loss but when expressed as percentage of intake the lower:level caused 
a greater percentage _excretion (P<. .05). Urinary calcium excretion, 
when expre~_sed in grams per· day, was affected by a calcium x phosphorus 
interaction (~<. 01): reduction of dietary phosphorus level in the 
high~oalcium diets caused increased. (P<.01) calcium excreti~n, while 
the reduction of calcium levels in low-phosphorus diets caused a lesser 
(P( .01) urinary c~lcium loss. The interaction was not significant 
when urinary calcium.was expressed as percentage of intake; however, 
.the low-phosphoru.!3 rations. caused greater (P< .05) urinary calcium. 
loss than did the high-phosphorus ones. 
Calcium balance, expressed in grams per day, was affected by cal-
cium x magnesium. and magnesium x phosphorus inter.actions: when the 
' . . .,-
l.evel of magnesium was reduc~d in high'."'caloium rations calcium retention 
was improved (P ( .01) while the. reduction of the ca.lciki ·level in the 
. . . . . . 
low-magnesium rations caused lower (P( .01) ratention. When calcium 
19 
retention was expressed as a percent of intakev the values were affected 
by calcium x magnesium (P < ®05) and magnesium x phosphorus (P (,.05) 
interactions and the causes of these interactions were the same as when 
retention was ex.pressed in grams per day® When calcium retention was 
expressed a.s a percentage of the absorbed, the above calcium x magnes-
ium interaction was not significant and animals consuming the high-
ca.lcium diets stored more of the absorbed calcium (P<Q01) than those 
fed low-calcium diets.. A magnesium x phosphorus interaction (P< o 05) 
existed and it was caused by a decreased calcium retentio:n (P ( 0 05) 
when the magnesium level was reduced in high-phosphorus diets and when 
the phosphorus level was reduced in low-magnesium diets. Thus it appears 
that a low level.of magnesium improved calcium retention in rations 
containing high levels of calcium or phosphoruso The highest retention 
of calcium (1e317 gram/day) was found in rats receiving the diet con-
taining high levels of calcium and phosphorus and a low level of mag-
nesium and these results are in agreement with those of Forbes ( 1963),. 
The results of the present experiment indicated that high levels of 
calcium were detrimental to calcium balanc~ unless a high level of 
phosphorus was present. This is not in accord with those of Forbes 
(1963)., Differences in rations and me,gnesium levels make a direct 
comparison of the results impossible~ Closer study of Forbes' results 
indicate that the effect of high levels of calci\lnl do not appear to be 
great except in the diet which contained a high level of calcium and 
low levels of magnesium and phosphoruso Further work in this area is 
indicated .. 
Magnesium intake was greater (P ( o 01) for the high-magnesium diets; 
howeverf intake was affected by a calcium x magnesium interaction 
Item 
Intake, gm. b 








EFFECTS OF LEVELS OF CALeIUM, MAGNESIUM AND PHOSPHORUS UPON 
EXCRETION AND RETENTION OF MAGNESIUM 
Diets 
1 2 3 ·4 5 6 7 
+++a +I- +=+ +=- -++ =+- --+ 
0.0357 0 .. 0357 0.0163 o. 0161 0.0343 0 .. 0274 0 .. 0159 
0.0233 0 .. 0221 0.0223 0.,0337 0.0245 0 .. 0170 0.0174 
65.27 61.90 136.81 209.32 71.43 62 .. 04 109 .. 43 
0.0075 -o. 01.52 0.0062 0.0099 0.00.59 0~0075 0.0055 
21.01 42 • .58 26.29 61.49 17.20 27.37 34 • .59 
0.0049 -00016 -·0121 .0274 0.0040 0.0029 -.0069 
13 .. 66 -6.16 -64 .. 93 -161.72 11.46 .5.,64 -66.08 
34.80 37~72 -27.91 -101.95 32 .. 78 33.88 -21.49 
8 Standard --- Error 
0.0171 0 .. 0199 
0.0304 o .. 00.51 
177 .. 78 23 .. 90 
0 .. 0073 0.0010 
42 .. 69 8.48 
- .. 0206 0.0530 
-119.30 39050 
=82.61 23068 
acalcium, magnesium and phosphorus, respectively. 
the minus ( =) to the lower level of each el,emen t~ 
The plus ( +) sign refers to the higher lev.el and 
N 
0 
TABLE V (Continued) 
bintake: 
f. High magnesium (Oo0333)>low magnesium (Oo0163)(**)o 
2. Calcium x magnesium interaction(*). 

















k 0.0321 · 
~eces, % intake: Low magnesium (158 • .33)> high magnesium (65. 16)(**). 
eurine, gm: 
1 • High calcium ( O. 0097) > low calcium ( O. 006 5) ( **). 
2. High magnesium (0~0090)> low magnesium (0.0072 )(*) • 
.3. Low phosphorus (0.0100) > high phosphorus (0.0063)(** ). 
furine, % intake: 
1. Low magnesium (41.26) >high magnesium (27. 04)(** ). 
2. Low phosphorus (43.53)>high phosphorus-(24.77)(*). 
~agneJium balan~e, gm: --
1. High magnesium (000004):>low magnesium (-0.0670)(**). 
2. High phosphorus (=0.0101 )> low phosphorus (=0.0467)(*). 
hMagnesium balan~e, <!,intake~ High magnesium ( 6. 18) :> low magnesium 
iMagnesium· balaw;:e, % absorbed: 
(-103 .. 0) (**) 0 
1. Low calcium (-9· 35) > high calcium (-57. 34 )(*). 
2. High magnesium (34.80)>low magnesium (-58.49)(**). 




(P <.. 05) in which reduced intake (P (., 01) was obtained when the level 
of magnesium was reduced in either the high- or low-calcium diets .. 
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Fecal magnesi:um values were not different (P(o05) but were af-
fected by a magnesium x phosphorus interaction (P <• 05): reduction of 
the phosphorus level in low-magnesium diets or the reduction of the mag-
nesium level in low-phosphorus diets caused increased fecal magnesium 
excretion. As most of the animals receiving the low=magnesium diets 
excreted more fecal calcium than was found in the diet, expression of 
fecal magnesium on-a percent of intake is meaninglesso 
The higher levels of calcium or magnesium caused greater (P(.01 
and P<o05, respectively) losses of urinary magnesium, while the lower 
level of phosphorus caused the greater (P (2.01) loss. These results 
are in agreement with those of Forbes (1963). When the urinary magnes-
ium values were expressed as a percent of magnesium intake, the effects 
of different intakes were apparent; however, the low-phosphorus diets 
caused a gr~ater (P<.05) percentage of the dietary magnesium to be 
excreted via the urine. 
"Magnesium balance, e.xpres~ed in grams per day, was affected by 
dietary magnesium and phosphorus levelso The higher magnesium level 
caused greater (P <.01) magnesium retention than did the lower level; 
however 9 the highe_r phosphorus level caused a less (P< .. 05) negative 
balance than did the lower phosphorus level. When the magnesium bal-
ance was expressed as a percent of intake, the high level of magnesium 
caused greater retention (P<~01) than the lower level. When expressed 
as a percent of the absorbed magnesium, the higher levels of magnesium 
and phosphorus caused greater storage (P<..01), while the higher level 
of calcium caused lower (P<.05) storage. These results are in accord 












EFFECTS OF LEVELS OF CALCIUM, MAGNESIUM AND PHOSPHORUS UPON 
EXCRETION AND RETENTION OF fHOSPHORUS 
,Diets 
1 2 3 4 5 6 7 
+H,8. ++- +-+ +-- -++ -+- --+ 
1.258 0 • .502 1.137 o.454 1 .208 o .. 497 1.122 
0.359 0.229 0.357 0.199 0.206 0.256 o. 164 
28.54 44 .. 02 31.40 43 .. 83 17.05 51.51 14 .. 62 
0.112 0.010 0.087 0.040 0 .. 268 0 .. 131 oo359 
8090 1.99 7.65 8.81 22.19 26.36 32.00 
0.786 0.231 0.692 0.215 0.734 0 .. 110 0@599 
62. 12 52.64 61.60 48.06 60.24 25 .. 30 56070 
71 .. 09 54.89 68.89 56.67 83.00 47.75 85 .. 96 
8 Standard --- Error 
o .. 482 0.077 
0 .. 128 .0 .. 035 
26 .. 56 4 .. .59 
Oe037 0.051 
7 .. 68 4 .. 99 
0.318 0 .. 61 
65 .. 60 12 .. 90 
73.22 4 .. 55 
acalcium, magnesium and phosphorus, respectively. 
and the minus(-) to the lower level of each element .. 
The plus(+) sign refers to the higher level 
!\) 
\..,) 
TABLE VI (Continued) 
bI:ritake: High phosphorus (1.181 )> low phosphorus 
(0.484)(**). 
Cfeces, gm: 
1.. High calcium ( O. 284)) low calcium ( O. 189 )( **). 
2. High phosphorus ( O. 272 );) low phosphorus ( O. 201 )( **). 
3. Calcium x phosphorus interaction(**). 
Higll Ca Low Ca 
High P 0.358 0.185 
Low P 0.210 0.192 
dFeces, % intake: 
1. High calcium (36.95))low calcium (27.43)(**). 
2. High magnesium (35.28)>low magnesium. (29.10)(*). 
6urine, · gm: -"·, · 
2. Magnesium x phosphorus interaction (* ). 
High P 
Low P 
High Mg Low Mg 
0.760 o.646 -
-... ... ...... 
0.171 ~· 0.267 · 
hphosphorus balance,% intake: 
1. High phosphorus (60. 1.5)> low phosphorus (47 .. 90) 
2. Calcium x phosphorus interaction(*).. (*) .. 
High Mg 
Low Mg 
High Ca Low Ca 
57.35 ~ 42.75 
J. 
5'+.85 61.1.5 
3. Calcium x magnesium x phosphorus interactirhl 
i ( ~) Ph . -c.' ,,. osphorus oah.nce, ), .s.bz~rbed: 1. Low calcium (0.199)>high calcium (0.062)(**). 
2. High phosphorus (0,207))1ow phosphorus (0.071)(**). 1. 
3. Calcium x phosphorus interaction(*). 2. 
3. 
Low calcium {72.48))high calcium (62.89)(~*)~ 
Low magnesium (71o 18)>high magnesium (64 .. 18H* ). 
High phosphorus (77.23)>low-phosphorus (58.13). 







furine, i intake: 
1. Low calcium (22:06)>high calcium (6.84)(**). 
2. Calcium x phospho!"1s x magnesium interaction(*). 
gPh.osphorus balance, ~: 
1. High phosphorus (0.702}.>low phosp~orus (0.~19)(**). 
* P(.05. 
'!'*P <. 01. 
High Ca Low Ca 
High Mg 62.99 65.77 
. -•-
Low Mg 62.78 k 79.59 
;. Magnesium x phosphorus interaction(*). 
High Mg 
Low P 
High Mg Low Mg 
77~0.5 77.42 
51.32 64.95 ~ 
Fecal phosphorus excretion was increased (P <cOi) by the higher 
levels of calcium and phosphoruse Also the interaction of calcium x 
phosphorus was significant; it ~as caused by the reduction (P(.01) 
in level of fecal phosphorus when the level of calcium was reduced 
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in high-phosphorus rations. Also, fecal phosphorus excretion was de-
creased (P(.01) by decreasing the p~osphorus l~vel in high~calcium 
diets. When fecal phosphorus was expressed as a percentage of intake, 
the higher-calcium or higher-magnesium diets caused a greater (P < o O 1 ) 
excretion than lower-calcium or lower-magnesium diets. 
The higher levels of magnesium and the lower level of dietary 
phosphorus caused greater (P<.01) excretions of urinary phosphorus 
than the opposite levels of either of these elements. Also, the calcium 
x phosphorus interaction was significant; it was c'aused by an increased 
urinary phosphorus excretion, when (P<.01) the level of calcium was 
decreased in high-phosphorus diets a~d by a reduction (~(.01) when the 
phosphorus level was reduced in the low-calcium diets. 
Phosphorus retention, when expressed in grams, was higher (P( .01) 
in high=phosphorus diets and was subject to a magnesium x phosphorus 
interaction (P(.05): the reduction of phosphorus level either in high~ 
or low-magnesium diets decreased ( P <.01 ) retention of phosphorus; how= 
ever, the high-magnesium diets had a greater (P(.01) effect than did 
the low=magnesium levelo The higher_level of pho~phorus promoted greater 
(P(o01) percentage retention than the lower level. Percentage reten-
tion of_phosphorus was ~ffec~ed by a calcium x magnesium interaction 
(P <o05), which resulted from reduced (P<.05) retention when the calcium 
level was reduced in high-magnesium ration but increased (P(.05) when 
the calcium level was reduced in low-magnesium rations.: 
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When phosphorus retention was expressed as a percentage of the ab-
S(?rbed, low-calcium diets promoted greater (P<.01) retention than !lid 
the high-calcium rations. Low-magnesium diets also promoted greater 
retention (P<.05) than the high-magnesium diets, while the high-
ph~sphorus diets promoted greater (P (.05) retention than did the lower 
levels. Two interactions were significant (calcium x magnesium and 
magnesium x phosphorus), but both are readily explained by a considera-
tion of the fecal and urinary excretions. 
Forbes (1963) found that both calcium and phosphorus retentions 
were increased by the addition of phosphorus without respect to the 
supply of magnesium. The results of the present experiment in general 
agree with those results with the apparent exception that the higher 
magnesium level reduced phosphorus (P(.01) r~tention in low-magnesium 
rati,ons and had no effect (P <.05) when the level of phosphorus was 
high. As the high!st level of magnesium in the present experiment 
corresponded to the lowe~t level in Forbes' experiment, these results 
in actual~ty confirm and extend his results. 
Hematological results are shown in Table VII and in no case did 
treatments cause differences (P> .05)., 
Table VIII exhibits blood plasma levels of calcium, magnesium and 
phosphorus. Animals consuming the high-calcium diets had higher (P<.05) 
calcium levels than those consuming ~e low-calcium diets. Plasma mag-
nesium levels were lower (P(.01) in animals fed rations containing the 
higher level of calcium; however, the levels were affected by a calcium 
~ magnesium x phosphorus interaction: the higher level.of calcium de-
creased (P (~01) plasma magnesium level only if dietary levels of both 
magnesium and phosphorus were low. Also, the higher level of magnesium 
RBC x 106 /mm.3 
Hb., ~./100 mg. 
Packed cells, 1' 
Mean corp. Hb. , Jl)lg• 
Volume index 
Mean corp. vol. p..3 
TABLE VII 
EFFECTS OF TWO LEVELS EACH OF CALCIUM, MAGNF.SIUM 
AND PHOSPHORUS ON BLOOD CONSTITUENTS 
Diets 
1 2 3 4 5 6 
+++a ++~ ~+ +"!~ ~++ ~+~ 
6.36 6.53 6.22 6.36 6.38 6.34 
12.34 13.54 12.68 12.58 12.52 12.40 
43.4 42.7 44.3 43.5 44.3 42.6 
19.6 21.4 21.0 19.8 19.8 19.7 
0.79 0.76 0.85 0.79 0.81 0.78 
68.9 66.1 73.6 68.4 70.0 67.7 
Mean corp. Hb. concentration,% 28.4 31.9 28.6 28.9 28.3 29.1 
7 8 Std. 
~; --- Error 
7.13 ~.49 o.45 
12.48 12.82 o.'59 
42.7 44.8 0.85 
18.0 20.7 1.81 
0.71 0.84 0.05 
61.7 71.7 4.51 
29.2 28.6 1.40 
a.calcium, magnesium and phosphorus, respectively. 
and the minus(-) to the lower level of each element. 




EFFECTS OF TWO LEVELS EACH OF CALCIUM, MAGNESIUM AND PHOSPHORUS 
. ON._ THE BLOOD PLASMA MINERAL CONTENTS 
Diets 
1 2 3 4 5 6 7 
+++a #.,-. +-+ +~~ ~++ "!~ ~~+ 
-
Calcium, _mg. /100 ml. b . 8.37 8~54 8.86 8.'.36 8.06 8~26 8.03 
Magnesium, mg./100 ml.c 1.99 2.18 2.09 1.51 2o13 1.88 1.97 
Phosphorus, mg. /100 ml ... 9 _ 4.2 4~6 5.4 5.3 3.9 5.0 4.0 
8 Std. --- Error 
8.06 0.25 
1 .. 97 0.14 
;. 6 o.43 
a.Calcium, magnesium and phosphorus, respectively. The plus (+) sign refers to the higher··level 
and the minus (-) to ·the lower level of each element .. -. . 
· bHigh calcium (8·~53):>low calcium (8.10)(P<.05)q 
. c1. Low calcium (1.99)) high calcium (1 .. 94)(P< .01). , 
2. Calcium x magnesium x phosphorus interaction (P <.05). 
d1. Low magnesium (5.07.5) > high magnesium (4.425) (P <.05). 




were effective in increasing (P < .·01) plasma magnesium level only when 
adequate calcium and phosphorus were presente 
Plasma phosphorus level was depressed (P<..,05) by the higher dietary 
magnesium level. It was also found that the higher dietary phosphorus 
level caused lower (P(.05) levels than the lower dietary level.. No 
explanation is offered for this observation except to point out that a 
calcium x phosphorus interaction which approached significance (P < .,05) 
was present. 
Histological examination of the organs of the slaughtered animals 
did not in general show very evident calcifications. Livers of two rats 
from diet number 6, one from 8 and one fed the number 5 diet showed 
only slight calcifications. Three out of the five animals in diet 3 
showed some calcifications in the kidneys. This organ was also affected 
in one animal in diets 1, 2, 5 and 8~ These results indicate no clear 
cause-e!fect relationship attributable to the diets. Forbes (1963) 
found that.his results did not allow him to predict the appearance of 
kidney calcification, beyond the criterium of the mere content of cal-
cium, magnesium and phosphorus in the urines. 
Even in a study carried on by Carrillo et al. ( 1961 ) , in which two 
levels of dietary magnesium (24 and 240 ppm) are compared against two 
levels each of potassium and protein, the effect of magnesium in the 
production of kidney tissue alternations by calcium deposition did not 
appear to be clear cut. 
In the present study, the animals fed the lowest level of dietary 
magnesium developed deficiency symptoms; the symptons were loss of hair, 
reddish ears and emaciation. 
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The results presented herein indicate that the calcifications , 
found in enteque seco are caused by conditions more complex than an 
imbalance of calcium, magnesium and phosphorus. Studies conducted by 
Carrillo et al. (personal communication) indicate that dietary factors 
such as protein,potassium, zinc and copper may also be involved. Fur-
ther study of the complex problem is indicated. 
SUMMARY 
There were evidences indicating that a disease affecting cattle 
in Argentina, characterized by extreme emaciation, stiffness of the 
legs and calcifications in joints and soft tissues, was due to an im-
balance in the dietary ratios of certain mineral elements. In an attempt 
to reproduce such calcifications, two leve~s of calcium, magnesium and 
phosphorus were fed to 40 male albino rats, in a 2 x 2 x 2 factorial 
arrangement of treatments. Collection of feces and urine was made 
during the 28-day growth trial. Weight gain, feed consumption, feed 
efficiency, blood analyses and histological changes were also response 
criteria. 
Treatments did not affect weight gain, feed consumption or feed 
efficiency in the rats. 
Calcium balance was affected by significant calcium x magnesium 
and magnesium. x phosphorus interactions: low dietary levels of mag-
nesium improved calcium retention only in rations containing high levels 
of calcium or phosphorus, thus the highest retention of calcium was 
found in rats consuming the diet conta~ning a high level of calcium. 
and phosphorus and a low dietary level of magnesium. 
Magnesium balance was greater when a high level of this element 
was in the diet. A high dietary phosphorus level caused less negative 
balance than the lower level of this element. 
31 
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Phosphorus retention was higher when the high phosphorus d:iets 
were fed. High dietary magnesium level caused a signif':tc:ant reduction 
of phosphorus retention in low phosphorus diets. 
Magnesium deficiency symptoms in rats fed the low magnesium diets 
were apparent by the fifteenth day after the experiment was initiated@ 
Animals consuming the high-calcium diets had higher plasma calcium 
levels than those consuming the low calciu.in diets.. Plasma magnesimi'!. 
levels were lower in animals fed rations containing th(:1 higher 
of calcium; however, plasma magnesium level was affected by a calcium 
x magnesium x phosphorus interaction: the higher level of dietary cal-
cium d~creased plasma magnesium level only if dietary levels of both 
magnesium and phosphorus were low~ Also, the higher level of dietary 
magnesium was affective in increasing plasma magnesium level only when 
adequate calcium and phosphorus were presente 
Kidney calcifications appeared in only a few of the animals, thus 
:no cJear cut cause=effect relationship was established~ 
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